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Multiple dermatologic conditions that are currently treated 
with traditional cold-knjfe surgery are amenable to laser 
therapy. The idea l surgical treatment would be precise and 
total removal of abnormal tissue with maximal sparing of 
remainin g stru ctures. The ultraviolet (UV) excimer lase r 
is capable of such precise tissue removal due to the pene-
tration depth of 193 nm and 248 nm irradiation of 1 1LI11 
T he excimer laser, at wavelengths of 193 nm and 248 nm , has been reported to remove materi al in synthetic hydrocarbon polymers and in vit ro tissue with little or no transfer of thermal energy to the remaining structures [1-5) . Only one in vivo study in skin has 
been reported, and it also stated that, foll owing ablation, there 
was minimal therm al. damage to the remaining tissue (5) . All of 
the in vitro tissue studies were done using repetition rates less 
than 5 H z. Studies have been performed in the ophthalm ologic 
literature with increased repetition rates in vivo and have shown 
minimal residual thermal damage at 193 nm , but increasing ther-
m a l damage at 248 nm and 308 nm [6-8). Since ultraviolet (UV) 
excimer laser ablation removes a minimal amount of tissue per 
pulse (1 JLm ljlcm 2), an increased repetition rate is necessa ry for 
more rapid tiss ue removal. Also, in vivo tissue ablation is not 
he mostatic, and once bleeding occurs, there is a marked difference 
in the amount of tissue removed using 248 11m vs 193 11m wave-
length radi ation. 
Tissue ablation continues post bleeding at 248 nm while 11 0 
further tissue is removed at 193 nm [5] . D es pite ongoing ablation 
using 248 nm radiation , bleeding continues and obscures the sur-
g ical ficld . 
We undertook this stud y to furth er defil1 e, histologicall y, the 
effects o f wavelength and repetiti on rate on UV ab lative tissue 
removal in an in vivo system. 
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Abbreviation: 
t,: therm al relaxat ion time 
per pulse. This type of ablative tissue removal req uires a 
high repetition rate for effi cient les ional destruction. Ex-
cimer laser radiation at 193 nm is capable of high repetition 
rates, which are necessary while 248 nm radiation causes 
increasing nonspecific thermal injury as the laser repetition 
rate is increased. J In vest Dermatol 88:769-773, 1987 
MATERIALS AND METHODS 
A Lambda Physik EMG 103E laser was used for all experiments. 
Maximum achievable repetition rate was 200 Hz with pulse du-
rations o f 17 ns and 23 ns at 193 and 248 nm , respectively . The 
laser bea m, of approximately 6 mm x 20 mm, exited horizontall y 
and was fo cused using a 50 cm F.L. planoconvex quartz lens. A 
Gentec E.D. 200-power meter was used to measure energy per 
pulse . Cross-sectional beam area at the site of irradiation was 
measured from the damage profile crea ted by the bea m on pre-
viously unexposed film. The energy density per pulse was ob-
tained by dividing the energy per pulse by the cross-sectiona l 
bea m area. Beam energy was attenuated with infrared grade quartz 
discs of varyin g thicknesses and spotsize was adjusted to obtain 
the desired energy. Final spotsize was 4 mm x 12 mm . 
Fourteen fema le albino Hartley guinea pigs, weighing 400-800 
g were shaved and then epilated under general anesthesia using 
nielted beeswax and resin in a 1:4 ratio. Epilation was performed 
48 h prio r to irradiation using intramuscular Ketamine (50 mg/ml) 
at a dose of 40-100 mg/ kg. T he guinea pigs were placed on an 
adjustable metal platform aligned perpendicularly to the laser beam . 
A total of 14 guinea pigs were irradiated, 7 at 193 nm and the 
o ther 7 at 248 nm. An energy density of 0.6 jlcm2 was used at 
both wavelengths. 
A total of 300 pulses was delivered at repetition rates of 5, 10, 
15, 20, 30, 40, 50, 100, 200 Hz at each wavelength . Four-mi lli-
meter skin punch biopsies were taken immediately post irradia-
tion from each ablated site, th e tiss ue was fixed in 10% formalin 
and processed for routine histopathology using H & E. The depth 
of abbtion and the zone of thermal damage, if present, were 
measured using an ocular micrometer from the cut sections. 
Penetration depth was approximated by measuring energy ab-
sorbed per pulse by a 4-JLm section of guinea pig dermis. Guinea 
pig skin was harves ted from freshl y sacrifi ced animals. T he ep-
idermis and papillary dermis were surgica lly removed. Four-mi-
cron frozen sections were m ounted in tissue Tek II O.C.T. com-
pound and cut on a cryostat. C ut sections were placed between 
two quartz di sks. Energy densities immediately anterior and pos-
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Figure 1. Depth of :lbl:ltion of skin :It 193 nm, 0.6 J/cI11 2 over a range 
of repetition r:ltes of: (n) 5 Hz, (b) 20 H z, (c) 40 H z, (d) 50 H z, (e) 2UO 
H z. Note r1ut the depth o f ti ss ue ab lation was: (n) 0. 1 111111 at 5 H z. (b) 
0.24 111m at 20 H z, and (c-e) 0.32 111111 at 40, 50, 200 Hz. 
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Figure 2. Comparison of zone of thermal injury (3 t1 93 nm) immediate ly 
adjacent to the ablated area at repetition rates of (a) 10 H z, (b) 30 Hz, (c) 
40 H z. 
terior to the mounted tissue were measu red usin g a Gentec E. D. 
200-power meter. The difference in energy densities was ex trap-
olated to obtain a penetration depth. 
Results: Clinical 193 nm Initi al clin ica l examination of the 
laser-ex posed skin after exposure to 193 nm at low repetition 
rates (20 H z) demonstrated a cleanly ablated area, egua l in size to 
th e rectangular laser beam with no gross ev idence of thermal 
injury. The clinical criteria used in this instance for ev idence of 
thermal injury was the presence of tissue discoloration (whitening 
or protein denaturation, tissue necrosis, and charring) immedi-
ately adjacent to the laser-exposed site. However, once the epi-
dermis was completely ablated and the papillary dermal blood 
vessels were exposed, bleed ing ensued and further ablation of 
sk in ceased . Hemostas is was not achieved, and blood splattered 
throughout the operative fie ld during exposure of the skin to 
these low repetition rates of less than 20 Hz. In marked contrast, 
ablat ion of skin continued for the entire 300 pulses delivered from 
the laser at m edium (20-50 H z) and high (50 Hz) repetition rates. 
At these repetition rates, bleed ing did not begi n until after laser 
exposure ceased , and hence, the process of ablation was not ham-
pered. 
Histology at 193 nm Histologica ll y, 300 pulses at 0.6 ) lcm2 
per pulse 193nm irrad iation precisely and effectively ablated through 
the stratum corn eum , epidermis, and papillary dermis in all skin 
biopsies exa mined, irrespective of the repetition rate (Fig 1). 
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H owever, th e depth of ablation appeared to alter as a fun ction of 
th e repetition rate. At lo w repetiti on rates (10 Hz and less) , abla-
tion of tiss ue rcached a depth of onl y 0.1 mm (Fi g Ib) w hereas 
this in creased to 0.24 mm at medium repetition rates (20-30 Hz) 
(Fi g Ib) and to 0. 32 mm at repetition rates o f 40 Hz and above 
(Fi g I e- e). The depth o f abbtion did no t increase any furth er at 
re p etition r:t tes g reater than 40 H z. A zone of minim al injury 
(coagulation necrosis) immedi ately adja cent to th e ablated area 
w a s obse rved extendin g onl y a few collagen bundles from the 
abl ated surface (range 0. 01-0. 02 mm) (Fig 2a- e). 
Results: Clinical 248 nm Unlike th e clinical changes observed 
a t 293 nm , skin ex posed to 248 nm irradiation at low repetition 
rates (20 Hz) continued to be effectively abl ated without obvious 
" thermal damage" even after bleedin g began. Blood, in this in-
s t a nce, did not splatter throu ghout the surgical field but capillary 
" o ozing" did co ntinue until all 300 pulses w ere delivered. As 
ablation bega n at medium repetition rate~ (20-50 Hz), ti ss ue im-
m e di ately adja cent to the ablative fi eld become edem atous and 
white . A wide rim of g rayish-white tissue remained after exposure 
of the skin to medium repetition rates. Similar results were seen 
a t high repetition rates (50 H z), but the edema and whitening of 
th e tissue appeared m ore rapidly th an at low er repetition rates. 
A s with th e 193 nm radiati on at medium and high repetition 
ra t es, bleedin g did no t beg in untiJ all 300 pulses were deli vered . 
Histology at 248 nm In marked contrast to 193 nm , ablation 
of th e skin at 248 nm produced deep in cisions th at ex tend ed as 
d eep as th e subcutaneous tiss ue (450 J.L111) in so m e instances (Fig 
3). The depth of ablation was g reatest at medium repetition rates 
o f 15-30 Hz (Fig 3b) . How ever, th ere w as a w ide zone of " th er-
m a lly " dam aged necroti c tissue in all biopsies ranging in depth 
from a few collagen bundles to 125 J.Lm at lo w repetition (Fig 
4a, b), to as deep as 500 J.Lm at 30-40 Hz (Fig 4e). This zone was 
clea rl y demarca ted from th e surroundin g healthy coll agen, and 
appea red to decrease in depth as the repetiti on ra tes increased 
from 50-1 00 H z (Fig 4d) , although the depth o f the tissue ablation 
re rrlJin ed essenti all y constant to a depth of approx im atel y 300 
/-LIT1. 
DISC USSION 
There are quite distin ct differences between UV laser ablation at 
19 3 nm and 248 nm. Minimal residual thermal dam age is seen 
ev e n at the hig hest repetition rates after exposure to 193 nm 
ra diation (Fig 1 e). At lo w repetition rates, ablation with 248 nm 
ra diation also shows minimal res idual therm al damage, but the 
Zone of therm al injury m arkedl y increases at repetition rates be-
tween 15-30 Hz. These results ca n be ex plained by th e relati on-
ship between laser penetration depth and thermal relaxation tim e. 
The penetration depth in guinea pig dermis of 193 nm radiation 
and 248 nm radiation is roughly 10 J.Lm and 100 J.L111 , respectively . 
Th ese are in approx imate agreement w ith results determined fo r 
human and cow cornea [9]. If each laser pulse ablates onl y ap-
prox imatel y 1 J.Lm , then therm al energy is deposited to a depth 
equal to the penetration depth of the laser. Ablation depth is onl y 
a fraction of penetration depth beca use insuffi cient energy (to 
cau se ablation) reaches the deeper tissue. 
T he penetration depth o f radiati on into a plane is related to the 
the rmal rela xa tion tim e of the tissue by the equ ation t, = d2/2a 
w h e re t, is th e th ermal relaxation time, d is the penetra tion, and 
Q i s the th ermal di ffu sivity o f water. Thermal relaxation is defin ed 
as the time required for a target to cool from th e temperature 
immediately fo llowin g the laser pulse to \12 o f the o ri ginal va lli e. 
If the laser pul se is less th an th e th erm al relaxa tion tim e, then 
th e rmal injury can be confin ed to an area roughl y equivalent to 
the penetrati on depth o f the laser radiation . The pul se duration 
of the excimer lase r at 193 nm and 248 nm is on the o rder of 20 
ns, corres pondin g to a th erm al diffu sion leng th of 0. 1 J.Lm. This 
is lTIuch less th an the therm al relaxa ti on time at either w avelength , 
and therefo re, th e energy of a single pulse is confined to within 
an a rea that is approximately equ al to its penetration depth . This 
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Figure 3. Abl ation dep th at 248 nm , 0.6 J/c m2 at re petitio n rates of: (a) 
5 I-I z, (b) 20 I-I z, (c) 50 I-I z. ('0 100 Hz. N o te th at the dep th of ablation 
was g reates t at 20 I-I z. 
is consistent w ith the ex perim ental evidence showing minimal 
transfer o f th erm al energy at low repetition: 10- 20 J.Lm at 193 nm 
and up to 125 J.Lm at 248 11111 . The il1 creased therm al transfer 
occurs at hi gher repetition rates w ith 248 nl11 onl y . As th e rep-
etition rate increases, a po int is reached where the nex t laser pulse 
is fired before the tiss ue has had tim e to therm all y relax. This ca n 
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be seen in Table I. Assuming a penetration depth of 10 JLI11 at 
193 nm , the thermal relaxation time is 238 JLS. To deliver the next 
laser pulse before tissue thermal relaxation occurs, the laser rep-
etition rate wou ld have to be 2.6 X 103 pu lses per s. With a 
penetration depth ofl00 JLm , the thermal relaxa ti on time of tissue 
lased w ith 248 nm radiation is 38 ms. O ne needs to deliver onl y 
26 pulses per second before the next lase r pulse arrives prior to 
the thermal relaxation of the tissue. O ur excimer laser was capable 
of a maximum of 200 pulses per second. This explains w hy, in 
our stud y, minimal th ermal transfer of energy was seen using 193 
nm radiation even at m aximum repetition rates up to 200 H z, 
w hile 248 nm radiation showed extensive thermal damage at me-
dium repetition rates (20-50 Hz), w hi ch persists with increasing 
repetition rate. It also explains w hy previous in vitro studies in 
skin, using excimer lasers w ith a maxim um repetiti on rate of 5 
Hz fa il ed to show transfer of thermal damage even at 248 nm . 
Table I. The Ca lculated Relationship Between Repetition 
Rate, Penetratio n Depth of Lase r Irrad iatio n into a Plane, and 
its Thermal Relaxation Time 
Penetration Depth (d) 
1 j.L111 
10 j.Lm 
25 j.L111 
50 j.L111 
100 j.L111 
200 j.L111 
500 j.L111 
T hermal Relaxation T ime (t,) 
3.8 j.LS 
380 j.LS 
2.4 j.LS 
9.6 j.LS 
38 j.LS 
150 j.LS 
960 j.LS 
Pulse/Second 
2.6 X 105 
2.6 X 103 
4. 1 X 102 
1.0 X 102 
2.6 X 101 
6.7 
Where pcnctr;ni on is defin ed as the lie distance of laser radi at ion penetration. 
th ermal rela xatio n time t r = d2/2a,a = 1.3 )( 10 - 3 c 01 2/5 . pulse/seco nd is eq ual to 
l i t, . 
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Figure 4. Zone of thermal injury at 248 
nlll ranging frol11 a few collagen bundles 
at 5 H z ((I), to 125 j.L111 at 20 H z (b), to 500 
j.L1ll at 30 H z (c), and to 300 j.L111 at 100 H z 
((0 · 
These findings are supported by data from the o phthalmologic 
litera ture [6-8). 
T here is an altern ative ex planatio n fo r the lack of thermal effects 
noted at 193 nm . The th eory of ab lative pho todecompos iti on 
sugges ts that the absence of no ti cea ble thermal effects at 193 nm 
is secondary to the laser energy directly disruptin g chemi ca l bonds 
through a no nthermal mechani sm. Details of this m echani sm have 
yet to be thoroughl y elucidated . O ur theory ex plains the ex per-
imen ta l results using a to tally th erm al mechanism. Further studies 
are needed to bette r dcfll1e the actual m echanism of ablation at 
193 nm. 
O ne other point needs to be clarified . Previous studies reported 
that o nce bleedi ng occurs, 248 nm laser radiation continues to 
ab late, but tissue ablatio n ceases with 193 nm radiatio n [5) . This 
is true, but not beca use of chlo ride io ns (CI-
'
) absorption at 193 
nm . Tra nsmission of 193 nm radiatio n is 1 % throug h a 1-1TIlTI 
so lu tion of physiologic sa line [5] , but transmission of thi s wave-
length through ti ssue is only 10 JLm . What happens is the laser 
energy at 193 nm is almost totally absorbed by the individual 
ery throcytes (7 JLm di am eter) . The erythrocy tes are ablated caus-
ing th em to be splat tered thro ug ho ut the surgica l ficld, while 
minimal subabl ati ve energy arrives at the tissue. With 248 nm 
radiation, ass uming erythrocytes have simil ar UV absorption 
propert ies as o ther measured ti ssues, sufficient energy reaches the 
skin and ablation continues. Data from this study suggest th at at 
248 nm , tissue ablat io n is best achieved with least therm al injury 
to surro undin g structures at a repetition rate of 20 H z. 
Ultrav io let excimer laser ablat io n is ca pable of removing mi-
croscopic secti ons of in vivo tissue with minimal transfer of ther-
mal energy to the surro unding areas. Minimal ti ssue is removed 
per pulse; therefore, hi gh repetition rates are required to efficiently 
destroy large lesions. Because of its greater penetrat ion depth, 
248 11m la se r radiation is not ca pab le of hig h repetition rates 
w itho ut producing nonspecifi c thermal injury . For precise, swift 
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["e moval of ti ss ue, 193 nm la ser rad iat io n is the waveleng th of 
c h o ice. Howeve r, it is not hem ostatic, and tissll e ablation ceases 
vvhen frank bleedin g occurs. The nuin use o f UV excimer laser 
a blation in dermatology appears to be the removal of epidermal 
les ions wi th max imllm sparing of the underl yin g no rm al dermis. 
Th e al/lhors I/lish 10 Ilwllk Dr. T. F. DClllschIo r his adui(c dllri llS Ih e prcpfl/"a lioll 
of Ihis Ilwlll/scripl . 
REFEREN C ES 
1. ]c1linek HG, Sri ni vasan R: Theory of etching of po ly mLTs by fa r-UV. 
hig h intensity pulsed lase r Jnd long-term radiatio n. ] Ph ys ical 
C hemistry 88:3048-3051, 1984 
2. Srini vasJn R: Kineti cs of ablative photodecomposition of o rgani c 
po lymers in the fa r-ultraviolet (1 93 nl11 ). ] Vacuum Science and 
Technology B I: 1 ;923-926, 1983 
GU INEA PI G SKIN A I3L ATI N AT 193 NM AN D 24R NM 773 
3. Tro kcl SL, Sriniv'l sa n R, Brarcn B: LasLT surgery o f the corn ea . Am 
J Ophthalm ol 96:710-7 15, 1983 
4. Linsker R, Srini vasa n R, Wynnl' ]] , Alo nso D 1 : Far-u ltravio let laser 
ablation of atheroscle rotic lesio ns. Lascrs Surg M ed 4:20 1-206, 1':>84 
5. Lane RJ . Linsker R, W ynne ]] , T orres A, Geronernll s RG: Ultra vio let 
laser ab lation o f skin. Arch Derl11ato l 12 1:609- 617, 1985 
6. Krueger 1 K, T rokel SL: Q uantitation of corneal ablation by ultra-
vio let lasl' r li ght. Arch Ophtha lmo l 103: 1741- 1742, 1985 
7. Seiler T. Wo llensak] : In vivo expl'rilll ents with the excim er Iase r-
technical para m etLTs and hea lin g processes. Ophtha lm o logica 192: 
65-70. 1986 
8. Pey man GA, Kusza k ]r, Wl'ckstrolll K, M ann onen I, Viherkoski E , 
AlItl' rinen L: E ffects o fXcC I excirn er lase r o n the eyel id and anterior 
sl'g mcnt stru ctures . Arch O phthalmo l 104: 11 8- 122, 1986 
9. Puli afito C A, Steinert RF, I elltsch TF, Hillcnkamp F, Dchm EJ , 
Adler C M : Excim er Iasc r ablation o f the cornea and lens. Oph-
th alm ology 92:74 1- 748, 1985 
